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MATTHEW G. LEAVESLEY
RECENT HUNTER-GATHERER STUDIES in Island Southeast Asia and Melanesia
have highlighted the nature and importance of arboreal plant and animal resource
exploitation and management. Latinis (1999, 2000) has emphasized the impor-
tance of botanical resources and suggested that archaeofauna, as a reflection of
hunting, may also provide important information about arboreal resource man-
agement. This research investigates the human exploitation of one particular prey
species, the cuscus Phalanger orientalis in New Ireland, Papua New Guinea. Mor-
tality profile data are used to investigate whether prehistoric hunters selectively
captured any particular subset of the P. orientalis population, and the implications
for hunting behavior are discussed.
Pleistocene hunter-gatherers in the Bismarck Archipelago (Fig. 1) had a broad
diet: carbohydrate was obtained by a strategy of arboriculture (Gosden 1995),
while protein was derived from hunting and gathering primarily coastal but also
inland faunal resources (Allen et al. 1989; Gosden and Robertson 1991; Marshall
and Allen 1991). The earliest evidence indicates that protein was procured from
reef fish, shellfish, and scale fish and supplemented by the relatively impoverished
island-based fauna including rats, bats, birds, and reptiles. Terrestrial fauna was
important because it contributed protein and fat that were difficult to obtain
from marine resources (Davidson and Leach 2001 : 118). Since the human coloni-
zation of New Ireland, a number of land-based taxa were introduced, including
the cuscus (P. orientalis), the northern pademelon (Thylogale browni), the large
spiny rat (Rattus praetor), the pig (Sus scrofa), the dog (Canis familiaris), and the
chicken (Gallus gallus) (Flannery and White 1991; Grayson 2001; Heinsohn
2001). However, P. orientalis (Fig. 2) was the only taxon that was introduced dur-
ing the Pleistocene, ca. 20,000 B.P. 1 After its introduction, archaeological remains
of P. orientalis exist in relatively large quantities, indicating its importance to pre-
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Fig. 1. Partial map of the Bismarck Archipelago indicating the Pleistocene archaeological sites.
historic hunters (Leavesley and Allen 1998: 75) and in the ethnographic present
(Latinis 1996, 1999; Sillitoe 2003:153-193).
P. orientalis is a Phalangerid possum with a wide distribution centered on the
lowland forests of northern New Guinea and its satellite islands. While the Am
Islands were connected to New Guinea during periods of reduced sea level, nei-
ther New Britain nor New Ireland were ever connected to each other or to New
Guinea. This led to the suggestion that P. orientalis was introduced by humans
(Flannery and White 1991) through a process defined by Heinsohn (2003) as
ethnophoresy.
P. orientalis has a gray to brown pelage coloration, prominent ears, slightly
pointed face, and a naked prehensile tail (Fig. 2). Adults typically grow to about
2-3.5 kg in weight (Heinsohn 1998: 82). They are not seasonal breeders (Flan-
nery 1993: 175; 1995: 99) and often bear twin pouch young (Flannery and White
1991). They have a 12-month breeding cycle that finishes with the young mov-
ing to the back of the mother for approximately one month before asserting their
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Fig. ') Adult female CUSCLIS (Phalanger orientalis) in New Ireland. (Photograph: Tom Heinsohn)
independence. They are nocturnal folivores/insectivores with a generalist diet
consisting of leaves, fruit, and the occasional insect (Flannery 1993: 175). Con-
temporary populations are arboreal and usually rainforest-dwelling, though they
may also be found in the lower oak forest (van Deusen 1972: 15l). P. orientalis
rarely leave the rainforest (Archer 1984: 705), although in New Ireland they are
known to inhabit strand forest, coconut plantation, and the edges of mangroves,
as well as interior swamp forests. Cuscus were found to sleep in strand trees such
as Barringtonia asiatica and Calophyllum inophyllum that overhang the beach and the
sea at high tide (Heinsohn 1998). They sleep sometimes on exposed branches, and
display occasional bouts of diurnal activity (Heinsohn 2000: 245). The P. orientalis
archaeofaunal assemblage described below was excavated from the Buang Mera-
bak cave site.
Buang Merabak is located in central New Ireland, at the base of a series of
limestone terraces that rise ca. 1000 m to the Lelet Plateau. The cave consists of
three chambers, the first extending 30 m into the hillside before narrowing to a
squt:eze that opens into a second chamber, a collapsed doline. The mouth of the
cave faces north-northwest and is 15 m wide and 8 m high. The present study is
based on faunal remains excavated from a test pit (TPIA and TPIB) located in the
middle of the cave entrance several meters inside the mouth of the cave, behind
the dripline. The test pit was excavated in 5 em spits, the sediments being sieved
through 3 mm mesh, with additional bulk sediment samples collected for labora-
tory analysis.
The BU:lI1g Merabak deposit was divided into four units differentiated by srra-
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tigraphy, chronology, and other site formation data (Leavesley 2004; Leavesley
and Allen 1998). Unit 4 represented the initial occupation of the site and the pe-
riod from ca. 39,500 B.P. (Leavesley et al. 2002) to ca. 28,000 B.P. A hiatus in de-
posit occurred between ca. 28,000 B.P. and ca. 20,000 B.P. Unit 3, representing
the period from ca. 20,000 B.P. to ca. 17,000 B.P., contained the first evidence of
P. orientalis. A second hiatus occurred from ca. 17,000 B.P. to ca. 12,000 B.P. Unit
2, representing the period from ca. 12,000 to ca. 7000 B.P., was followed by a
third hiatus. Unit 1 represented the period from ca. 3500 to ca. 1800 B.P. (Leaves-
ley 2004). The data and their interpretation are presented below in the context of
these chronological units.
METHODOLOGY
The P. orientalis bones were excavated from a matrix of midden shell and stone
artifacts, none of which was likely to have been deposited in the cave by natural
formation processes, and the P. orientalis remains are considered to represent food
refuse (Rosenfeld 1997). The assemblage was analyzed by classifying the teeth,
whether in mandibles, maxilla, or as isolates, on the basis of eruption and tooth
crown wear. Tooth eruption and wear increase with age, and can be considered
as a proxy for animal age. They also have the advantage over other methods of
age determination of being particularly accurate. The level of tooth wear can
often be interpreted to give the age of an animal to within a year (Winter 1980).
It is also little affected by the bone fragmentation that is such a common feature
of faunal assemblages from archaeological sites.
P. orientalis has four upper molars, a relatively large premolar 3 (p3), a canine
(C), and three incisors (11 to 13) in each side of the maxilla (Archer 1984:706;
Flannery 1995: 440). They also have four lower molars, a relatively large premo-
lar (P3), the occasional deciduous premolars 1 and 2 (P1 and Pz), and at least one
and sometimes two incisors (11 and Iz?) in each side of the mandible (Archer
1984: 706; Flannery 1995: 440). The teeth scored for the purposes of this analysis
were the four molars and the third premolar from both the maxilla and mandible.
These generally erupt in the same order throughout all individuals within the spe-
cies: the most anterior of the molars erupts first, followed sequentially through to
the fourth molar.
When a tooth has fully erupted, the enamel is fully exposed above the alveola,
whereas a tooth that is not fully erupted is sited lower in the alveola and is partly
obscured. If a tooth is lost post-mortem, the alveola can still be classed in terms of
its position in the eruption sequence: during the process of eruption the alveola
changes shape as the jaw extends and the teeth move into position, so if the ani-
mal dies prior to the completion of the tooth eruption process and the teeth leave
the alveola post-mortem, the alveola will still exhibit a form indicating that the
teeth had not fully erupted. Hence a Buang Merabak mandible or maxilla could
be classed under the eruption criteria with or without the presence of a tooth in
the alveola.
Following tooth eruption, and as part of the natural process of mastication, the
crowns of opposing teeth rub on each other, producing wear marks on their
opposing enamel surfaces. Over time, the tooth enamel sustains wear that eventu-
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Fig. 3. Buang Merabak cuscus (Phalanger orientalis): the percentage of each molar per unit. Unit 1:
1800-3500 B.P.; Unit 2: 12,000-7000 B.P.; Unit 3: 20,000-17,000 B.P.
ally exposes the underlying dentine. The quantity of tooth wear has a direct rela-
tionship to mastication, and assuming that the level of mastication has been con-
stant throughout the life of an animal, tooth wear can also be used as an indicator
of the time since the tooth erupted. However, a number of factors can influence
the results of enamel wear analyses. First, diet has an important role in tooth
enamel wear: the consumption of more fibrous plants will result in a different
rate of enamel wear than the consumption of more succulent plants. However,
the tooth wear data from Buang Merabak should be internally consistent and
comparable because they derive from prey captured within the local region, and
New Ireland was covered in rainforest that has probably not altered significantly
since at least the Last Glacial Maximum (Hope 1996). Second, different teeth
can wear at different rates, depending on their morphology and position in the
mandible/maxilla: more force is exerted on the anterior teeth than on the poste-
rior teeth, so dentine exposure occurs sequentially from the first to the fourth
molar. If the Buang Merabak assemblage contained a greater number of anterior
than posterior molars, then the data would be skewed toward scoring for older
animals. Figure 3 illustrates the distribution of molars per unit. A chi-square ana-
lysis indicated that, while each unit had slightly different values for each of the
molars, the difference was not significant (p ::::; 1).
Tooth morphology is an important factor in the assessment of tooth wear.
When a tooth crown is narrower, the force exerted on the crown during mastica-
tion is more concentrated, resulting in an increased rate of wear on a smaller area
and consequently more rapid dentine exposure on the tooth. By contrast, when a
crown is flatter, the force is dispersed and dentine exposure will appear to occur at
a relatively slower rate. The third premolar in P. orientalis had a high and pointed
crown and would therefore be likely to exhibit dentine exposure on the crown
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TABLE 1. THE RELATIONSHIP BETWEEN THE TOOTHWEAR COHORTS USED IN THE
BUANG MERABAK CUSCUS STUDY AND THOSE PROPOSED BY WINTER (1980)
FOR THE BRUSH-TAILED POSSUM, TRICHOSURUS VULPECULA (KERR)
WEAR CLASSES
(THIS ANALYSIS)
1
2
3
4
RATE OF WEAR
(THIS ANALYSIS)
None
Low
Intermediate
High
WEAR CLASSES
(WINTER 1980: 360)
1,2
3
4-6a
6b, 7
earlier than on the four molars. The molars, though, have very similarly shaped
crowns, suggesting minimal differential wear based on tooth morphology.
Tooth wear studies have not yet been undertaken on extant P. orientalis
populations, but they have on other taxa within the family Phalangeridae
(Winter 1980). The seven wear classes of dentine exposure identified by Winter
(1980: 360) were simplified for the Buang Merabak analysis into four, in order
to reduce observer error and maximize accuracy (Table 1). My Wear Class 1 con-
sisted of teeth without any exposed dentine; teeth in this class may show signs of
wear, but not penetrating the enamel. Wear Class 2 consisted of teeth with mini-
mal exposed dentine, commonly on the tops of high cusps. Wear Class 3 con-
sisted of specimens within the range of having small crescents of dentine exposed
to having a broad band of dentine exposed across both the lingual and labial
cusps. Wear Class 4 consisted of specimens with completely obliterated and dished
crowns.
As a result of the combination of cultural and natural formation processes,
archaeozoological assemblages are generally highly fragmented, making it difficult
to determine accurately the number of animals represented by the material. For
this study, each jaw was given one score for tooth wear, irrespective of whether
·it contained one or all four molars. Potentially this allowed for a single individual
animal to be scored more than once, inflating the overall sample size. However,
the NISP of teeth per analytical unit indicates that the quantity per molars per an-
alytical unit was not significantly different (as above, Fig. 3).
DISCUSSION
Unit 3 contained a small number of cranial fragments (though a vast number of
post-cranial fragments), making it difficult to extrapolate anything substantive
about cuscus predation during the time represented. The quantity of fragments
increased dramatically, peaking in Unit 2 before decreasing again in Unit 1 (Fig.
4). The trend might reflect a general increase in cuscus predation, or an increase
in deposition at Buang Merabak, or both.
Young animals generally dominated the assemblage. Figure 5 shows the NISP
of cuscus dentary fragments per analytical unit per cohort, per 1000 years. It indi-
cates that the quantity of young animals increased from Unit 3 to Unit 2. Taken
in consideration with Figure 6, the data suggest that the NISP of animals classified
as having low or no dentine exposure increased as the overall NISP of dentary
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Fig. 4. Buang Merabak euseus (Phalanger orientalis): dentary NISP (numbers of identifiable frag-
ments) per unit. Unit 1: 1800-3500 B.P.; Unit 2: 12,000-7000 B.P.; Unit 3: 20,000-17,000 B.P.
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Fig. 5. Buang Merabak euseus (Phalallger orientalis): rates of wear of dentary NISP (numbers of iden-
tifiable fragments) per 1000 years. Unit 1: 1800-3500 B.P.; Unit 2: 12,000-7000 B.P.; Unit 3:
20,000-17,000 B.P.
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Fig. 6. Buang Merabak CllSCUS (Phalanger orientalis): percentage of each age cohort per analytical unit,
according to rates of wear. Unit 1: 1800-3500 B.P.; Unit 2: 12,000-7000 B.P.; Unit 3: 20,000-
17,000 B.P.
fragments increased. The trend emphasizes the dominance of the smaller animals
in the catch.
The dominance of younger animals may reflect a number of factors. It may be
indicative of predator choice, although this would be difficult to substantiate. It
may also reflect aspects of New Ireland's ecology (Pasveer 2003). It can be inter-
preted as indicative of the natural cuscus population that was available to the
hunter: in this scenario, the hunter would have been a passive "culler" of the P.
orientalis population, operating within the constraints of the New Ireland environ-
ment, rather than an active hunter making choices regarding preference for prey.
From this perspective, the evidence of a cuscus population dominated by younger
individuals may represent a population under pressure or expanding.
Alternatively, prey behavior may render certain animals, from within specific
age cohorts, more conducive to capture by human hunter. Relatively younger
Phalangerids tend to disperse over larger distances relative to mature adults. As
young or subadult individuals become independent they tend to range farther in
order to find and establish a home range for themselves separate from their
mothers. The process of exploration has inherent risks, such as exposure to un-
known predators in an unknown microenvironment. It is conceivable that this
inexperience put younger individuals at higher risk of capture compared with ma-
ture adults and their dependents.
The percentage of specimens with intermediate and high tooth wear in Unit 1
is greater than the percentage in Unit 2. The data may be a reflection of both lo-
cal and regional factors. At the local level, the lower NISP of Unit 1 compared
with that of Unit 2 could be taken to indicate a reduction in the consumption of
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P. orientalis at Buang Merabak. Alternatively, the change might reflect larger-scale
regional change associated with the appearance of Lapita pottery and the first evi-
dence of agriculture in New Ireland in the period represented by Unit 1 at Buang
Merabak.
The Lapita cultural complex appears in the Bismarck Archipelago at ca. 3500
B.P. and signaled an important shift in subsistence strategies from mobile hunting,
gathering, and arboriculture toward sedentary agriculture and pig (Sus scroJa) hus-
bandry (Spriggs 1997). The earliest evidence of occupation at the nearby Lapita
site of Lasigi indicated human occupation by 2700 B.P. and settlement activity,
including the keeping of pigs, by 2300 B.P. (Golson 1991). Slightly farther afield,
pigs are present in the Balof deposits at ca. 3550-3100 B.P. onward (White et al.
1991). In addition to the reduction in cuscus NISP from Unit 2 to Unit 1 (Fig.
4), there was an increase in the proportion of specimens in the "old" (high wear)
cohort compared with those in the "intermediate" cohort, and an increase in the
proportion of specimens in the old and intermediate cohorts compared with
the "low" and "none" cohorts (Fig. 6). The introduction into New Ireland of the
Lapita cultural complex, including both agriculture and pig, potentially had a
large impact on food acquisition behavior. Access to S. scroJa, both wild and do-
mestic, would have reduced hunting pressure on the cuscus, so while still impor-
tant, the cuscus would have been reduced to a secondary role in the human diet.
Reduced hunting pressure would have provided an opportunity for the cuscus
population to expand and as a result increase the availability of larger/older indi-
vidual animals. The gains in time afforded by agriculture, coupled with the
reduced dependence upon cuscus, could also have been a factor in giving people
scope to be more selective in their hunting, allowing them to concentrate more
on seeking out older and larger individuals.
CONCLUSION
P. orientalis was first introduced into New Ireland ca. 20,000 years ago (Allen et
al. 1989). After its introduction it became the most important island-based protein
source in central and southern New Ireland and remained so even after the intro-
duction of the northern pademelon, Thylogale broumi. The deposition of cuscus
bones at Buang Merabak peaked between ca. 7000 and 3500 years ago, the over-
all quantity of P. orientalis captured thereafter being significantly reduced across all
age cohorts. The data also suggest that the prehistoric hunters predominantly cap-
tured individuals from the younger age cohorts, perhaps because of the inexperi-
ence and vulnerability of young cuscus after leaving the protection of their
mothers. The reduction in the quantity of P. orientalis captured after 3500 B.P.
may reflect changes in subsistence brought about by the introduction of other
protein sources associated with the Lapita cultural complex, namely the domestic
pig Sus scroJa. The marginal increase in the capture of older individuals at this time
may reflect the reduced reliance of people on P. orienta/is for their protein, the
context in which hunters increasingly selected older and presumably larger indi-
vidual animals. This interpretation of the data implies that hunters at Luang Mera-
bak selected their prey for ease of capture in Units 3 and 2, but for size in Unit 1.
It also suggests little direct evidence of resource management.
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ABSTRACT
The cuscus, Phalanger orientalis, was probably the most important food source in
New Ireland from its introduction 20,000 years ago until the introduction of the
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pig, Sus scrofa, 3500 years ago. Terrestrial, or land-based, fauna were an essential part
of the prehistoric diet because they provided both protein and fat, which were often
difficult to obtain from marine resources alone. P. orientalis was an important prey
species because New Ireland had a relatively low range of prey taxa. Prior to
20,000 B.P., the New Ireland fauna were relatively meager: the potential terrestrial
prey taxa for prehistoric hunters included bats, rats, birds, and reptiles. The intro-
duction of the cuscus dramatically increased the number of individual animals and
therefore expanded the island-based protein resource available to prehistoric hun-
ters. This paper investigates the nature of the late Pleistocene to Holocene capture
of P. orientalis based on data from Buang Merabak, a central New Ireland cave site,
and investigates whether prehistoric hunters captured P. orientalis of a particular age
and how this changed over time. KEYWORDS: Pleistocene, hunting strategies, Pha-
langer orientalis, cuscus, New Ireland Province, Papua New Guinea.
